In the vegetation season April-October 2010, the value of and the changes in Zntot., Cutot., Cdtot. and Pbtot. concentrations in the water of the Rusalka flow-through lake (with average water retention of ca 30 days) situated in the city centre of Szczecin were determined. Water temperature, pH, concentration of dissolved oxygen (with calculation of water saturation with O2), COD-Cr and BOD5, total hardness, SO , Mntot and Fetot were also determined. The data collected may be used to evaluate the ecological and chemical status of the surface waters under investigation. As far as the ecological status of the Rusalka Lake is concerned, the investigated waters were found, based on the official criteria being in force in Poland in evaluation of the ecological and chemical status of surface waters, to conform to water quality classes I and II considering total zinc and copper concentrations, temperature and dissolved oxygen concentration (except water inflow to the lake in August) as well as BOD5, − 2 4 SO and Cl -concentrations and pH value; however, they were always worse than water quality class II while taking the COD-Cr values into account. Regarding the chemical status of the investigated waters, total cadmium and lead concentrations were the levels exceeding the admissible values according to the official criteria in Poland. Changes in the values of indices being investigated along water flow path allowed stating that the equilibriums between the sedimentation and the resuspension and the dissolution processes during the research period were shifted towards sedimentation in case of Zn and Cd only, as well as of the organic matter sedimenting in the form of divalent cation-and divalent anion-sorbing gels. Although three phytoplankton blooms occurred in the body of water, unfortunately weak ones, the dissimilation processes prevailed over assimilation.
are largely heavily polluted with the precipitation wastewater bringing in substantial quantities of various pollutants, particularly heavy metals and petroleum-derivative wastes [1] . Additionally, particularly in the city districts with older building development, effluents from combined sewerage system can enter into rainwater drainage system during the period of intensified precipitation through storm overflows. Sometimes, industrial or municipal sewage wasters are being directly discharged into rainwater drainage system. City water reserviors included into municipal rainwater drainage networks frequently function not only as storage reservoirs but also as settling ponds and biological sewage treatment plants [2] . The Rusalka Lake in the Kasprowicz Park in Szczecin is an example of such a water reservoir (Fig. l) . Waters and bottom sediments of the Rusalka Lake were frequently investigated in the past. Basic parameters of the waters flowing through this lake were analysed [3] [4] [5] [6] , as well as its pollution of water and bottom sediments with heavy metals [7] [8] [9] . Also microbial contamination was analysed [10, 11] , as well as changes in the activity of biochemical organic matter decomposition processes in its waters [12] . All quoted references showed that the waters and bottom sediments in the Rusalka Lake were considerably polluted.
R U S A L K A L a k e
The objective of this study was to continue earlier research works [7, 8] , aiming at recognition of the contamination of the Rusalka Lake waters with heavy metals, in particular at determination of total Zn, Cu, Cd and Pb concentrations in the surface waters of this lake in the 2010 vegetation season (April-October). Comparison of the concentrations of heavy metals at the water inflow to the lake should make recognition of the equilibrium status between the deposition processes (precipitation of sediments and sorption on sedimenting suspended matter) and passing into the body of water (resuspension of suspended matter and dissolution) of the above-mentioned heavy metals along water flow path through the lake possible. The broadening of the study scope with additional water quality parameters, as expected, should make an attempt to learn what biohydrochemical processes have occurred in the lake ecosystem in that time period and to what extent these processes have affected the quality of waters flowing through the Rusalka Lake ecosystem possible.
Description of the water reservoir under investigation
The Rusalka Lake is a small water reservoir (with surface area of 2.9 ha) situated in the Kasprowicz Park within the Niemierzyn Valley in Szczecin (Fig. l) . It is an artificial water reservoir being formed due to damming and weiring the waters of the Osowka stream flowing from the hills in the Osow city district, being additionally supplied with the waters of the Warszowiec stream flowing from the Warszewo Hills. The lake is elongated in shape with a necking in its central part (length more than 600 m, width 25-60 m). In part of the lake, right before the water outflow from the lake, there is a weir (about 1.5 m height), differentiating the water level in two parts of the lake being isolated in that way. Maximum depth of the lake before sediment dredging was about 1.7 m, being about 3.0 m after it. Average depth before dredging was about 1.4 m, being about 2.0 m after it. Considering the volume of supplying water inflow, the Rusalka lake could have been seen rather as a stream water flood area but not a lake after estimation of the water retention time in it (on average ca 30 days) [13] . The beds of streams supplying the Rusalka Lake with water are greatly built over within the city area. The waters flowing out from the lake are drained to the Western Odra River through an underground canal, too. During the study period, the Osowka and Warszowiec streams, together with the Rusalka Lake, were included into municipal storm drainage system of the City of Szczecin where the lake functioned as a storage reservoir.
Material and methods
Water samples for analyses were drawn from the water surface layer (ca 0.5 m deep) at measuring stations 1 and 2 ( Fig. l) , ie on the water inflow to and the water outflow from the lake during the time period from April to October 2010 with a monthly frequency. Attention was paid to the fact that intervals between successive water sample collection times was about 30 days, ie as much as the average water retention time in the lake.
The concentrations of heavy metals (Zn, Cu, Cd and Pb) in the analysed water samples were determined by the method of flame atomic absorption spectrometry [14] .
Water temperature and pH as well as its total alkalinity were determined at the place of sample collection. Separate samples were collected in order to determine dissolved oxygen concentration, COD-Cr and BOD 5 . In addition, water hardness, chloride and sulphate(VI) concentrations and total Mn and Fe concentrations were determined at the laboratory. All determinations were conducted according to the procedures given in literature [15] .
Results and discussion
Results of total Zn, Cu, Cd and Pb concentration determination in the waters inflowing to and outflowing from the Rusalka Lake are presented in Figure 2 , those of temperature, pH and water O 2 concentration determination and water O 2 saturation calculation, as well as COD-Cr and BOD 5 determination -in Figure 3 , whereas those of total water hardness, Statistical characteristics of the collected data sets is presented in Table 1 . Table 2 presents the data which can be used for evaluation of the ecological and chemical status of the Rusalka Lake waters according to the official criteria being in force in Poland [1] . It follows from Table 2 that the Zn tot. and Cu tot. concentrations were lower than the admissible values according to the criteria being applied for evaluation of the ecological status. On the other hand, the Cd tot. and Pb tot. concentrations exceeded the admissible values according to the criteria being designed for evaluation of the chemical status. As far as other water quality parameters which can be used for evaluation of the ecological status of the investigated ecosystem, ie temperature, dissolved oxygen concentration, BOD 5 , COD-Cr,
SO and Cl -concentrations and pH value, are concerned, the COD-Cr values and dissolved oxygen concentration at the water outflow from the lake in August 2010 corresponded to the waters of quality classes III-V or even to impaired waters (no appropriate criteria for evaluation of quality differences in literature [1] ), whereas other water quality parameters investigated corresponded to surface water quality class I or II. Similarity of the values of water quality parameters being investigated at the inflow to and the outflow from the lake as well as that of the trends in changes in the values of water quality parameters being determined in successive water sample collection times (Figs. 2-4) are evidence of the fact that in case of the Rusalka Lake -being in fact a flow-through reservoir and even a stream water flood area -with short water retention time the quality of waters of that water reservoir depends first of all on the quality of waters inflowing there through the Osowka stream bed. For example, it was showed in the previous paper [8] that the amount of precipitation did not have any direct effect on changes in the water quality in that water reservoir. Such an effect is to be found when the water catchment basin is being characterised by large water retention and considerable soil and soil water buffering capacity. In order to document more exactly how and to what extent changes in the quality of the Osowka stream waters flowing through the Rusalka Lake varied, changes in the values of particular investigated water quality parameters being calculated as the differences between respective values of the successive parameters at the inflow to the lake in a given measurement site less the value of the same parameters in the outflowing waters after one month are presented in Figures 5-7 . It follows from the data presented in Figure 5 that changes in the Cu tot. and Zn tot. concentrations were very similar. From April to July, the concentrations of those heavy metals decreased along the water flow path, whereas they increased in summer (ie in July-August and August-September intervals), with the Zn tot. concentrations increasing in July-August interval only. On the other hand, the character of changes in the Cd tot. and Pb tot. concentrations was different. Most likely, a source of pollution with the respective heavy metals mentioned above was different. The equilibriums between the sedimentation and the resuspension and the dissolution processes were clearly shifted towards sedimentation in case of Zn tot. and Cd tot. only. As far as changes in the values of other examined parameters of the waters flowing through the lake are concerned, they were relatively small. Small but distinctive changes in water saturation with oxygen, pH and − 3 HCO concentration which consistently point to the fact that three weak phytoplankton blooms occurred during the vegetation season, the effect of which was water enrichment, in particular in July-August interval, with organic matter (according to COD-Cr), is conspicuous. 3 is the criterion for assessing average values of the total concentrations of lead in samples water in the calendar year. *** it was considered that Rusalka lake, because waters retentions time is short (≈ 30 days), may be considered as pool of Osowka stream [13] . **** in May slump of BOD5 most probably supply as a result of toxic substances for microorganisms mineralizing organic matter. Supported for that large "nontypical" relations between BOD5 and COD-Cr values (see: [16] p. 303). Unfortunately independently of these, according to [1] , investigated waters are classified as waters I class quality according to BOD5. When compared with changes in pH, those in the BOD 5 value illustrating technically the changes in the water richness in biodegradable organic matter, although in that case reflecting rather those in the activity of biochemical processes of organic matter decomposition, point to the occurrence of increase in water richness, or more properly in the activity of organic matter decomposition processes in late spring and autumn, although the effects being observed were small. , in its sediments, most likely together with the organic matter gels depositing in the lake sediments, which is also indicated by changes in the values of HCO concentrations point to the shift of equilibrium in the carbonate system connected with changes in the dissolved CO 2 concentrations (desorption to atmosphere and fixation in the assimilation process). As far the Fe tot. concentrations are concerned, they changed quite considerably, starting with an increase in its concentrations in spring (is it a resuspension during the meltwater flow time?), through concentration decreases in summer (deposition), to their increases in autumn induced by autumn wind water mixing. The Mn tot. concentrations were definitely stabilised over the whole research period.
Conclusions
1. In the vegetation season April-October 2010, the Osowka stream waters flowing through the Rusalka Lake in Szczecin, when being analysed according to the official criteria being designed for evaluation of the ecological and chemical status of aquatic ecosystems in Poland, carried small quantities of zinc and copper, corresponding to good ecological status of the lake ecosystem; unfortunately, they contained cadmium and lead in the quantities exceeding the admissible values according to the criteria being designed for evaluation of the chemical status of waters. 2. Only changes in the Zn tot. and Cd tot. concentrations in the waters flowing through the lake pointed to the fact that the sedimentation processes of these heavy metals prevailed over resuspension and dissolution of sediments practically over the whole research period. 3. Due to changes in the values of other water quality parameters in the Rusalka Lake in the research period which can be used for evaluation of the ecological status of that water reservoir, ie temperature, dissolved oxygen concentration, BOD 5 , COD-Cr,
SO , and Cl -concentrations and pH value, the COD-Cr values and dissolved oxygen concentration at the water outflow from the lake in August 2010 corresponded to the waters of quality classes III-V or even to impaired waters (no appropriate criteria for evaluation of quality differences in literature [1] ), whereas results of dissolved oxygen concentration determination in other time periods and those of other parameters determination corresponded to water quality class I or II. 4. The waters investigated in the research period were characterised by statistically significant variation in the values of water quality parameters (CV > 20%), whereas in successive measurement months the values of respective water quality parameters of the inflowing waters differed from those of the outflowing waters only to small extent, thus the quality of waters in the this water reservoir depended on the value of the Osowka stream water inflowing to the Rusalka Lake. 5. Changes in pH, water saturation with oxygen, COD-Cr and BOD 5 the waters flowing through the Rusalka Lake pointed to the occurrence of three weak phytoplankton blooms during the research period, which most probably favoured the increase of water richness in organic matter. 6. Changes in the COD-Cr values as well as those in the values of divalent cation and divalent anion concentrations pointed to the fact that the sedimentation processes of coagulating organic matter gels occurred in that water reservoir, with the equilibrium between the coagulation and the peptisation processes shifted, being favoured by the observed periodic enrichment of the waters flowing through the Rusalka Lake with some heavy metals under determination. Zgromadzone dane mogą być wykorzystane do oceny stanu ekologicznego i chemicznego badanych wód powierzchniowych. Jeżeli chodzi o stan ekologiczny jeziora Rusałka, to, zgodnie z kryterium urzędowym stosowanym w Polsce do oceny stanu ekologicznego i chemicznego wód powierzchniowych, stwierdzono, że badane wody ze względu na stężenia ogólne cynku i miedzi, a także temperaturę, stężenie tlenu rozpuszczonego (oprócz wód na dopływie do jeziora w miesiącu sierpniu) oraz BZT5, stężenia
ZANIECZYSZCZENIE EKOSYSTEMU
SO , Cl -i pH miały wartości odpowiadające I lub II klasie jakości, natomiast ze względu na wartości ChZT-Cr badane wody były zawsze gorszej niż II klasa jakości. Jeżeli chodzi o stan chemiczny badanych wód, to stężenia ogólne kadmu i ołowiu według tych kryteriów były stężeniami przekraczającymi wartości dopuszczalne. Zmiany wartości badanych wskaźników wzdłuż drogi spływu wód pozwoliły stwierdzić, że w okresie badawczym równowagi pomiędzy procesami sedymentowania oraz resuspendowania i rozpuszczania jedynie w przypadku Zn i Cd oraz materii organicznej sedymentującej w postaci żeli sorbujących jony dwudodatnie i dwuujemne były przesunięte w stronę sedymentowania. Pomimo wystąpienia trzech -niestety słabych -zakwitów fitoplanktonowych w toni wodnej procesy dysymilacji przeważały nad asymilacją.
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